Introduction {#S0001}
============

Diffuse large B cell lymphoma (DLBCL) is the most frequent lymphoma subtype and accounts for more than 30% of all newly diagnosed lymphoma cases worldwide.[@CIT0001] Chemotherapy consisting of rituximab, cyclophosphamide, doxorubicin, vincristine and prednisone (R-CHOP) is considered standard first-line therapy for patients with DLBCL.[@CIT0002] However, despite improvement in first-line treatment, approximately one-third of patients will relapse or require retreatment in the first 2 years.[@CIT0003] The International Prognostic Index (IPI) has been the most important tool for estimating the prognosis of patients with DLBCL in recent decades.[@CIT0004] Patients with an IPI ≥3 are at higher risk for relapse after a complete response (CR) to first-line rituximab-based chemotherapy than patients with an IPI \<3.[@CIT0005] Patients with a score of 3--5 had a 3-year overall survival (OS) of 63% in our previous study.[@CIT0006] It is essential to find a treatment to maintain CR, delay relapse, and prolong survival.

Adoptive immunotherapy is a promising novel approach for the treatment of cancer. Cytokine-induced killer (CIK) cells, a heterogeneous immune cell population induced by specific stimulation (such as rhIFN-a, rhIL-2, and anti-CD3 monoclonal antibody) of peripheral blood mononuclear cells (PBMCs), is more effective in recovering the host immunity and killing residual chemo-resistant cancer cells.[@CIT0007],[@CIT0008] CIK cells have several characters of increasing proliferation, MHC-unrestricted cytotoxic activity against a broad range of tumors, and minimal toxicity.[@CIT0009]--[@CIT0011] CIK cells may be an alternative immunotherapeutic strategy for DLBCL.[@CIT0012] Data from a meta-analysis showing that maintenance therapy in patients with DLBCL achieving CR or PR could decrease relapse rate.[@CIT0013] In the present study, we aimed to examine the efficacy and safety of autologous CIK cell treatment as maintenance therapy in patients with high-risk DLBCL (IPI≥3) after the first CR.

Patients and Methods {#S0002}
====================

Patient Selection {#S0002-S2001}
-----------------

Adult patients over 18 years old reaching the first CR were eligible for this study. Patients with transformed lymphoma, evidence of central nervous system involvement, or positivity for human immunodeficiency virus were excluded. We retrospectively analyzed 20 patients receiving CIK therapy from 2010 to 2014 at Nanjing Drum Tower Hospital. Twenty CR patients who were age- and sex-matched during the same period were selected as controls. Forty patients were divided into CIK therapy versus observation. All patients received six to eight cycles of CHOP ± R therapy at 21-day intervals. CR was confirmed by (18)F-FDG PET/CT after completion of chemotherapy. CT scan was performed every 3 months after CR. This study was approved by the institutional review board of Nanjing Drum Tower Hospital, and was conducted in accordance with the Declaration of Helsinki. All CIK participants signed consent forms before recruitment.

Preparation of CIK Cells {#S0002-S2002}
------------------------

Peripheral venous blood (60 mL) from patients was collected to extract PBMCs. The cells were incubated in a cell incubator at 37°C with 5% CO2. A total of 1000 U of rhIFN-γ was added to 1 mL of cell suspension (cell density was approximately 1--2×10^6^/mL) on the first day. After 24 h, rhIL-2 (1000 U/mL) and anti-CD3 mAb (10 ug/mL) were added and incubated for 4 d. The cell suspensions were subcultured with fresh medium containing 1000 U/mL rhIL-2. The cells were washed and fresh medium was replaced every 3 days for 2 weeks. Culture media were removed by 3 washes with normal saline. Cells were resuspended in normal saline with human serum albumin and diverted into a transfer pack. Greater than 95% of cells were viable by the dye-exclusion test using trypan blue. CIK cells were tested twice for biological contaminants.

### Treatment {#S0002-S2002-S3001}

Each patient received a total of 0.5--1.5×10^8^/kg CIK cells per transfusion (one transfusion per day for 2 days). After transfusion, rhIL-2 was subcutaneously administered (100 mU/day) for 10 consecutive days. If the patient agreed, the CIK cell transfusion protocol was repeated every 3 months for 1 year (four cycles). The time taken for each component of the procedure is shown in [Figure 1](#F0001){ref-type="fig"}.Figure 1The main protocol for cytokine-induced killer (CIK) cell immunotherapy.

Phenotypic Analysis of Peripheral Blood {#S0002-S2003}
---------------------------------------

The levels of T lymphocyte subsets and natural killer (NK) cells in peripheral blood before and after CIK cell transfusion were detected by flow cytometry using fluorochrome-conjugated monoclonal mouse anti-human antibodies against CD3, CD8, CD4, CD56, CD45.

Statistical Analysis {#S0002-S2004}
--------------------

The *χ*^2^ test or Fisher's exact test was used for discrete variables, and the Wilcoxon Mann--Whitney test was used in the analysis of continuous variables. One-way analysis of variance (ANOVA) testing was used for changes in the lymphocyte subgroup. Disease-free survival (DFS) and overall survival (OS) were estimated by the Kaplan-Meier method. Univariate and multivariate analyses were performed to evaluate factors for OS and DFS. Variables that were significant at *p*\<0.10 were later included in the multivariate Cox regression analysis. Data were analyzed using SPSS version 21.0 software. A *p*-value \<0.05 was considered statistically significant.

Results {#S0003}
=======

Patients {#S0003-S2001}
--------

The study population included 20 patients receiving CIK treatment (9 females; mean age=58±14 years) and 20 subjects as the control group (9 females; mean age = 57±14 years). The baseline characteristics of the patients are listed in [Table 1](#T0001){ref-type="table"}. The characteristics of the patients were relatively well balanced. No significant difference was found between the two groups (*p* for all \>0.05). The average number of CIK cells infused into patients in one cycle was 55.12±14.63×10^8^ (range 36--84). Each patient received an average of two cycles of CIK treatments (range 1--4).Table 1Demographic Patient Characteristics by Study Arm at DiagnosisCharacteristicCIK (n=20)Control (n=20)*p*Age, yearsMean (range)58 (25--76)57 (24--76)0.824≥6012 (60)11 (55)0.749SexMale11 (55)11 (55)1.0Female9 (45)9 (45)ECOG performance status\<23 (15)1 (5)0.605≥217 (85)19 (95)Ann Arbor clinical stageI--II2 (10)3 (15)0.633III--IV18 (90)17 (85)Elevated LDHYes15 (75)14 (70)0.723No5 (25)6 (30)B symptomsYes9 (45)8 (40)0.749No11 (55)12 (60)GCB/non-GCB profile (by Hans algorithm)GCB5 (25)11 (55)0.053Non-GCB15 (75)9 (45)NCCN-IPI33 (15)3 (15)1.0≥417 (85)17 (85)RituximabYes16 (80)11 (55)0.091No4 (20)9 (45)[^2]

Changes in Lymphocyte Subgroups {#S0003-S2002}
-------------------------------

Immunophenotypes of CIK are listed in [Table 2](#T0002){ref-type="table"}. Before and two weeks after CIK cell transfusion, changes in lymphocyte subgroups in peripheral blood of CIK patients were determined by flow cytometry. As shown in [Figure 2](#F0002){ref-type="fig"}, after CIK cell transfusion, the percentages of CD3^+^ T cells, CD3^+^CD8^+^ T cells, and NK cells were significantly higher after treatment (P \< 0.05).Table 2Immunophenotypes of Cytokine-Induced Killer (CIK) CellsBefore Culture (%)After Culture (%)CD3+77.29±8.9095.48±4.28\*CD3+CD4+27.21±11.2118.08±11.55\*CD3+CD8+38.66±9.9973.30±11.02\*CD3+CD56+1.12±0.5617.65±11.35\*[^3] Figure 2Percentages of lymphocyte subsets in the peripheral blood of 20 patients before and after cytokine-induced killer (CIK) cell transfusion (\*p\<0.05).

Survival {#S0003-S2003}
--------

With a median follow-up of 29.5 months (range, 6 to 105 months), the 5-year DFS was improved from 45.0 ± 11.1% to 79.3 ± 9.2% in the CIK group (HR favoring CIK, 0.29; 95% CI, 0.09 to 0.92; *p* = 0.035; [Figure 3A](#F0003){ref-type="fig"}). At a longer median follow-up of 35.5 months, the 5-year OS was estimated at 90 ± 6.7% for CIK versus 55 ± 11.1% for control (HR favoring CIK, 0.20; 95% CI, 0.04 to 0.93; *p* = 0.040; [Figure 3B](#F0003){ref-type="fig"}).Figure 3Kaplan--Meier survival plots: (**A**) disease-free survival (DFS) and (**B**) overall survival (OS).

According to multivariate analysis, CIK could improve DFS but not OS ([Table 3](#T0003){ref-type="table"}). However, a significant prognostic value of B symptoms for OS and DFS was observed with wide CIs due to the small sample size.Table 3Survival Analysis in Patients with High Risk DLBCLParameterUnivariate AnalysisMultivariate AnalysisHR (95% CI)*p*HR (95% CI)*p***DFS**Gender (Male vs Female)1.16 (0.42--3.19)0.7781.79 (0.61--5.29)0.293Age (≥60 vs \<60)2.48 (0.79--7.81)0.1201.91 (0.57--6.40)0.293LDH (Normal vs Elevated)1.27 (0.43--3.71)0.6631.45 (0.49--4.30)0.507Rituximab (Yes vs No)0.61 (0.22--1.71)0.3440.57 (0.18--1.85)0.348COO (GCB vs Non-GCB)1.76 (0.64--4.84)0.2772.37 (0.73--7.71)0.153B symptoms (Yes vs No)3.07 (1.08--8.69)0.0354.78 (1.59--14.37)0.005CIK (Yes vs No)0.29 (0.09--0.92)0.0350.19 (0.06--0.64)0.007**OS**Gender (Male vs Female)1.95 (0.57--6.66)0.2882.83 (0.72--11.03)0.135Age (≥60 vs \<60)2.32 (0.62--8.76)0.2142.68 (0.63--11.35)0.180LDH (Normal vs Elevated)0.51 (0.11--2.35)0.3850.49 (0.10--2.44)0.386Rituximab (Yes vs No)0.33 (0.10--1.10)0.0700.34 (0.09--1.28)0.111COO (GCB vs Non-GCB)1.22 (0.37--4.00)0.7421.66 (0.37--7.42)0.508B symptoms (Yes vs No)3.06 (0.89--10.50)0.0754.61 (1.24--17.15)0.022CIK (Yes vs No)0.20 (0.04--0.93)0.0400.25 (0.05--1.25)0.090[^4]

Side Effects {#S0003-S2004}
------------

No severe side effects were recorded during or after CIK cell transfusions, except in one male patient, aged 47 years, who had mild flu-like symptoms, which were naturally quickly relieved.

Discussion {#S0004}
==========

The goal of maintenance therapy, which requires continuous treatment administration, is to improve the quality of response, to delay disease progression and to increase long-term survival after initial therapy. Rituximab maintenance did not achieve a significant survival benefit in patients with follicular lymphoma[@CIT0014] or DLBCL.[@CIT0015] Everolimus maintenance did not improve DFS in patients already in CR.[@CIT0016] Lenalidomide maintenance has been shown to improve progression-free survival (PFS) in elderly patients with DLBCL after front-line therapy.[@CIT0017] However, no single study found a significant OS advantage. No effective maintenance treatment has been found to date.

To our knowledge, this study is the first to evaluate CIK immunotherapy as a maintenance strategy in DLBCL in CR. In our study, CIK immunotherapy was an effective treatment for maintaining CR, delaying relapse, and prolonging survival according to the univariate analysis. The survival benefit was also estimated based on analysis of the clinical characteristics of patients at diagnosis (age, sex, LDH level and B symptoms). Our analysis also found that the presence of B symptoms at diagnosis was associated with poor DFS and OS in patients after the first CR. A prognostic index that consisted of age older than 70 years and presence of B symptoms was designed, called the Oyama score, in patients with age-related EBV-associated B cell lymphoproliferative disorders. Patients with scores of zero, one or two showed median OS times of 56, 25 and 9 months, respectively.[@CIT0018] B symptoms were also an important predictor in refractory elderly patients diagnosed with DLBCL.[@CIT0019]

CIK cells fall into the category of passive adoptive T cell immunotherapy against established tumors. Some studies have demonstrated that CIK cells exhibit antitumor effects against DLBCL in vivo.[@CIT0012],[@CIT0020] The cytotoxic activity of CIK cells is mediated by releasing perforin and granzyme granules and dependent on several activating receptors such as NKG2D, NKp30, NKp44, NKp46, and DNAM-1.[@CIT0021] CIK cells can regulate and increase cellular immune function in vivo.[@CIT0009] The clinical benefit of CIK cells may be due to the direct tumor killing activity in a MHC-independent way.[@CIT0022] CIK cells comprise CD3^+^CD56^+^, CD3^+^CD56^−^, and CD3^−^CD56^+^ cells.[@CIT0023] Our results suggested that the percentages of CD3^+^CD56^+^ subsets, representing the main antitumor immunoeffector cells, significantly increased after culture. CD3^+^CD56^+^ cells are able to mediate non-MHC-restricted lysis and cytokine production in the absence of TCR activation.[@CIT0024] CIK cell treatment can improve the immunological status of patients. In our study, the percentages of CD3^+^ T cells, CD3^+^CD8^+^ T cells, and NK cells in peripheral blood increased after CIK cell transfusion. NK cells are a key element of the innate immune system. A low baseline peripheral blood NK cell count was associated with impaired PFS in DLBCL.[@CIT0025] It has been shown that CIK cell transfusion activates CD8^+^ cytotoxic T cells. Activation of the immune system becomes the basis of the survival benefit derived from CIK treatment. Thus, these results together with our findings indicated that CIK cell treatment might be an optimized modality to gain improved prognosis in patients with DLBCL.

Our research has several major experimental limitations. First, this is a retrospective, nonrandomized study, and only patients from our hospital were included, which may not truly reflect patients from other centers. Moreover, few patients were included in the study to detect survival differences between CIK and observation. A second limitation of our analysis is that some patients were lost to follow-up posttreatment in both groups, which could have contributed to the shorter median follow-up time. Third, the choice of controls was subjective. Despite there being no significant difference between the two groups, we believe that some differences might have influenced survival. Thus, further prospective studies are needed to confirm our results.

In summary, autologous CIK cell immunotherapy is safe and efficacious for improving the prognosis of patients with high-risk DLBCL after the first CR. However, these findings are derived from a retrospective analysis and should be validated in larger populations through prospective studies.
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